I regard incomplete vagotomy as the single most worrying problem because it seems to occur in an unacceptably high percentage of patients and is responsible for recurrent ulceration in many (except perhaps after highly selective vagotomy). I have no doubt that recurrent ulceration is quantitatively the biggest problem of vagotomy. If we can solve this the future for vagotomy is good, whichever variant is actually used. REFERENCES Cox A G (1970) This is an account of the complications and ill effects of all types of operation intended to cure peptic ulceration. It considers the results of vagotomy and drainage as well as those of partial gastrectomy.
It is wrong to think that operation is the 'end point' of the treatment of peptic ulceration, and that once treated all patients live happily ever afterwards.
While it is true to say that 75 % of patients are completely cured and have no residual symptoms, a quarter of the patients treated surgically still suffer from disability after the operation and some are seriously incapacitated.
The statistics quoted are taken from a review of current literature from 1963 to 1967 compiled by Cox et al. (1969) and from the Leeds/York control trial of elective surgery for duodenal ulcer (Goligher et al. 1968 ).
Recurrence
In reported series there is general agreement about the comparative rate of recurrent ulceration after the different types of operation used in the treatment of duodenal ulcer. The lowest recurrence rate follows vagotomy combined with antrectomy (circa 0 5 %). Next comes partial gastrectomy of the Billroth II type (circa 3 %), and the worst record is that of vagotomy and simple drainage procedure such as pyloroplasty and gastrojejunostomy (circa 7 5 %).
Surgeons tend to be rather sensitive about their failure to cure ulcers as this appears to reflect on their surgical competence. The surgeon, therefore, has an inherent tendency to favour an operation with a low recurrence risk. I suggest, however, that this is not necessarily the correct philosophy for there are worse things one can do to a patient than fail to cure his ulcer. Recurrent ulceration after a partial gastrectomy is usually quite simply cured by vagotomy. In my own experience in the treatment of 15 patients with recurrent ulceration after vagotomy and pyloroplasty, the operation of re-vagotomy and antrectomy has presented no great technical difficulties and has cured all recurrent ulcers with no mortality.
Vomiting Some patients vomit after gastric operations because there is organic obstruction as with a recurrent ulcer or too narrow a pyloroplasty. Others vomit because their stomach is irritated by the regurgitation of bile and pancreatic secretion; this latter type of vomiting often produces a heavily bile-stained vomitus. However, not all patients with bile regurgitation into the stomach suffer from vomiting; some appear to have a lower 'emesis threshold' than others.
Food vomiting due to gastric outlet obstruction is commoner after vagotomy and pyloroplasty but bilious vomiting is commoner after operations with a gastrojejunal anastomosis. Nevertheless, even after vagotomy and pyloroplasty bile can freely regurgitate through the stomach and 6-10% of patients will admit to the occasional vomiting of bile.
After partial gastrectomy 10-20% of patients admit to this symptom and it is severe in 1-2%.
The symptom of bile vomiting is difficult to treat medically. Oral local anmsthetic or polysiloxane compounds have been advocated, but in my experience patients so treated rarely continue treatment; most of them revert to self-medication with antacids (which theoretically should not be indicated). The symptoms are rarely severe enough to warrant considering further major surgery; however, very satisfactory results follow re-operation designed to divert bile away from the stomach. In a personal series of 30 patients treated by isoperistaltic loop interposition or Roux-en-Y anastomosis 70% have been completely cured of this symptom with no mortality (Jaffe & Williams 1971) . Vomiting due to an organic gastric outlet obstruction necessitates surgical treatment of the causative obstruction.
Dumping
The term 'dumping' is used here to refer to the uncomfortable sensations that occur 10 to 30 minutes after eating, comprising faintness, fullness, nausea, heat, sweating and palpitation. This syndrome is associated with the rapid passage of food into the jejunum where it excites a net outpouring of fluid into the lumen of the gut with gut distention and rapid transport through the upper small bowel. The incidence of the complication appears to be directly related to the amount of stomach removed; however, even after vagotomy and pyloroplasty or gastrojejunostomy 10% of patients will admit to experiencing this symptom. After sub-total Billroth II gastric resection the symptom occurs in approximately 25 % of patients and is severe in approximately 2-5 %.
Fortunately most patients with the dumping syndrome tend to improve as time passes and many learn to avoid symptoms by taking dry meals and small meals and avoiding sweet foods. After the first 2 years from operation usually only a small proportion of patients are incapacitated by this syndrome, but there are a few in whom the symptoms make life a misery and completely mar the good effects of having the ulcer cured.
Medical management has been recommended using insulin, tolbutamide or anti-serotonin drugs. Whilst I have had many patients in whom these drugs have been temporarily effective, in none have they been acceptable for long-term therapy.
Surgical treatment of patients with the dumping syndrome by isoor retroperistaltic loops have been advocated by Hedenstedt & Heijkenskjold (1961) and Herrington (1966) . In a personal series of 8 patients treated by a retroperistaltic jejunal interposition, the short-term results have been good in all, wbereas in an earlier experience with conversion from Billroth II to Billroth I anastomosis only 2 out of 4 patients had even partial relief of symptoms (Williams 1964) .
Diarrhea
Diarrhoea is considered by some to be a complication peculiar to vagotomy. There is a sound basis for this supposition in that some 20 % of patients after operations associated with vagotomy complain of diarrhoea, usually of the episodic type, and in 5 % of these the diarrhoea is severe.
However, it must be remembered that at least 5 % of patients suffer from diarrhoea after partial gastrectomy and in 1 % this is severe.
Severe diarrhoea, particularly of the continuous type, should make one suspect some associated abnormality such as pancreatic insufficiency, gluten enteropathy, the intestinal blind loop syn-drome or, rarely, a gastro-jejuno-colic fistula; such cases warrant a full investigation. Investigation of patients with the episodic type of diarrhoea is usually less rewarding. Fortunately, in most patients the symptoms tend to improve after the first few years from operation. Although some benefit may follow intermittent antibiotic therapy the most effective form of treatment is symptomatic with codeine or similar drugs.
The incidence of post-vagotomy diarrhoea appears to be less after selective than after truncal vagotomy (McKelvey 1970) and almost completely absent after parietal cell vagotomy without a drainage procedure (Johnston & Wilkinson 1970) .
It is rarely necessary to advise revisional surgery for diarrhoea. Some surgeons have advocated treatment by a reversed small bowel segment but I have no experience in this method.
Comment
When considering the symptoms already discussed there seems to be an even balance between the advantages of vagotomy and simple drainage procedure (with a low incidence of dumping and bile vomiting) and a Billroth II partial gastrectomy with a low incidence of recurrence and diarrheea.
This balance is upset when we consider the complications of death and deficiency states.
Mortality
Death is the absolute complication. In their review of the published results of treatment in over 8,000 patients by vagotomy with drainage or resection, Cox et al. (1969) report an overall mortality of 09 9%. After vagotomy with pyloroplasty or gastrojejunostomy it was 0-6 and 10 respectively. As might be expected the addition of a resection in the form of antrectomy was associated with a higher mortality (1 6%). They conclude: 'It is against this background that we must consider all other complications. Without doubt, "a living problem is better than a dead certainty".' Although many surgeons are able to report large personal series of partial gastrectomy for peptic ulcer without a death, there is no doubt that in all centres throughout the world the average mortality will be higher after gastric resection operations than after vagotomy, with simple drainage.
Deficiency States
Much has been written about the incidence and etiology of nutritional deficiencies after gastric operations. These will be briefly summarized and their frequency after different operations compared.
Weight loss or failure to regain lost weight is the cardinal symptom of malnutrition. Weight loss is almost universal after total gastrectomy (Everson 1952) and occurs in approximately 50% of patients after partial gastrectomy (Harkins & Nyhus 1956) . After vagotomy and gastrojejunostomy 30% of patients lose weight (Cox et al. 1945) and 7 5 % after vagotomy and pyloroplasty (Schofield et al. 1967) .
Although malabsorption plays some part in malnutrition the most important cause is the inadequate intake of calories due to the presence of post-cibal symptoms such as nausea, vomiting, dumping and fullness.
Anwmia is a well-known complication of gastrectomy, with an incidence of between 40 and 50 % (Pulvertaft & Cox 1969) . Post-operative anemia is, however, not confined to partial gastrectomy; vagotomy and simple drainage procedures are associated with a fall in hemoglobin of between 5 and 10%. Anemia seems less likely to occur after vagotomy and pyloroplasty than after any other operation of which the longterm results have been reported.
The aneemia that follows gastric surgery is due predominantly to iron deficiency. This results from a diminution in absorption of iron from food rather than from restricted iron intake. Some workers have suggested that there is an excess of iron loss from the gut after gastric operations but this hypothesis has not been conclusively proved (Pulvertaft & Cox 1969) .
Vitamin B12 deficiency occurs commonly after partial gastrectomy (Cox et al. 1963 ), but appears to occur only rarely after vagotomy and gastrojejunostomy and is absent after vagotomy and pyloroplasty.
Folic acid deficiency, which may occur after partial gastrectomy, is probably less common after vagotomy and simple drainage procedures. It does not present a serious problem (Pulvertaft & Cox 1969) .
Metabolic bone disease: Osteomalacia has frequently been reported after partial gastrectomy and occasionally after gastroenterostomy alone (Williams 1966) . In a survey of 900 patients after partial gastrectomy, Morgan & Pulvertaft (1969) found an incidence of osteomalacia of 0-4% in men and 4 5 % in women. Osteomalacia has not yet been reported in patients after vagotomy and pyloroplasty.
The incidence of osteoporosis after gastric operations is difficult to assess but gross osteo-porosis appears to occur after partial gastrectomy about as often as osteomalacia. If the cortical thickness of metacarpal bones on X-ray is taken as an index of 'thin' bones, the incidence after partial gastrectomy is 10-30 % (depending on age) whereas after vagotomy and drainage it varies between 7-5 % and 20 % (Morgan & Pulvertaft 1969 ).
Conclusions
The post-operative death rate and incidence of long-term metabolic deficiency states are so much in favour of vagotomy and simple drainage procedures compared with partial gastrectomy that the simpler operations must be considered the best standard procedure in the treatment of duodenal ulcer. Because of the comparatively high recurrent ulcer rate surgeons must continue to try to improve technique to ensure a complete vagotomy and an adequate drainage.
The preliminary reports of parietal cell vagotomy without drainage suggest that this operation may be followed by a very low incidence of diarrhoea, dumping, nausea and vomiting. If this operation proves to have an acceptably low recurrence ulcer rate it will have a promising future. The long-term results of carefully controlled studies will be awaited with interest.
